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Background: Although neuropathic pain is a severe and common pain, its patho-
physiology has not been elucidated yet. Studies in recent years have focused on
the immune system’s role in the pathogenesis of neuropathic pain. The aim of this
study was to investigate the role of immunological mechanisms in neuropathic pain
and the effect of pregabalin by measuring immunological marker levels in periph-
eral blood before and after pregabalin treatment in postherpetic neuralgia (PHN)
patients with neuropathic pain.

Methods: Forty patients diagnosed with PHN were included in the study. CD4, T fol-
licular cells (Tfh: CD4'CXCR5'PD1"), Th17 (CD4'CCR6" and CD4'IL17A"), regulatory
T cells (Treg: CD4* CD25 foxp3*), Th1 (CD4" CXCR3* and CD4" IFN-y") and Th2 (CD4*
IL-47) cell ratios were measured in peripheral blood samples before treatment and
after 3 months of treatment.

Results: When immunological marker and inflammation parameter levels were
compared before and after treatment, the helper T cell ratio (CD3", CD4") was
30.28 + 12.27% before treatment and 34.93 + 11.70% after treatment, so there
was a statistically significant increase (P = 0.028). Th17 was 4.75 + 5.02% before
treatment and 5.80 + 3.13% after treatment, and there was a statistically signifi-
cant increase (P = 0.036).

Conclusions: Immunological mechanisms play an essential role in the pathogen-
esis of neuropathic pain, immunologically based treatment approach will be the
critical point of treatment.

Key Words: Cytokines; Immune System; Interleukin-17; Neuralgia, Postherpetic;
Pain; Pregabalin; Th17 Cells; T-Lymphocytes, Regulatory.

INTRODUCTION

Neuropathic pain is a severe and common type of pain
affecting approximately 18% of the population [1]. De-
spite extensive research, to date, the pathophysiological

mechanisms in the development of neuropathic pain have
not been clearly revealed. Recent studies show that the
immune system plays an essential role in developing neu-
ropathic pain [2-4]. Many neuropathic pain causes, but the
most common neuropathic pain causes in clinical practice
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are diabetic neuropathy and postherpetic neuralgia (PHN)
[5,6].

Varicella-Zoster virus (VZV) is a double-stranded and
enveloped DNA virus that can remain latent in cranial
nerves and dorsal root ganglia for years after chickenpox
infection. In cases where the immune system is weakened,
the virus that remains latent in the dorsal root ganglia be-
comes active. It causes a disease called zona zoster, char-
acterized by painful, vesiculobullous lesions limited to
unilateral dermatomes [7]. Although the lesions disappear
in 2-4 weeks, some patients continue to have pain. Pain
that persists for more than three months is called PHN
[8]. PHN is a treatment-resistant chronic pain syndrome
[9]. Risk factors for PHN include advanced age, severe
symptoms, and chronic diseases with suppressed immune
systems such as malignancy and diabetes [9,10]. Many
studies have previously been conducted investigating the
relationship between neuropathic pain, PHN, and the im-
mune system [11-18].

Thi, Th2, Th17, and Treg (CD4, CXCR5, CCR6, FOXP3,
CD25, IFN-y, IL-17 ve IL-4) cell levels were studied before
and after treatment to evaluate the role of immune mecha-
nisms in the development and chronicity of neuropathic
pain, as well as the effect of pregabalin treatment on these
mechanisms in patients with PHN.

The literature was scanned during the present study’s
design phase. Proinflammatory cytokines have been as-
sociated with neuropathic pain, and anti-inflammatory
cytokine potentiation was thought to alleviate neuro-
pathic pain [19,20]. Some publications have focused on
T cells, which are considered key players of the adaptive
immune system [21,22]. Thl has been shown to mediate
neuropathic pain [23]. There have also been many animal
studies investigating cytokines in neuropathic pain [3,24].
In a study, the administration of an antibody that reduced
CD4" T cells in mice suppressed thermal hyperalgesia
and allodynia [25]. In another study, IL-4" was applied to
damaged nerves, and it was shown to reduce neuropathic
pain [26]. The analgesic effect of IL-4" has also been dem-
onstrated in inflammatory and neuropathic pain models
[27]. Mice lacking IFN-y have been shown to have less me-
chanical sensitivity [28]. Treg cells [21] have also recently
been the focus of attention of researchers. It has been
shown that Treg cells are involved in endogenous heal-
ing [29] and that there is an increase in Treg cells in PHN
[18,29]. In a study conducted in mice, IL-17 was influential
in neuropathic pain after peripheral nerve injury [15]. IL-
17 is thought to be effective in increasing hypersensitivity
and chronic neuropathic pain process.

The authors want to emphasize the importance of IL-
17. Because the Food and Drug Administration approved
IL-17 inhibitory monoclonal antibody (Secukinumab), it
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is currently used to treat autoimmune diseases. It may be
an alternative for preventing chronic neuropathic pain in
the future [30]. The authors aimed to combine the most
frequently investigated cytokines in the pathogenesis of
neuropathic pain in a single study. They hypothesized that
the immune system plays a crucial role in the formation of
neuropathic pain and that pregabalin treatment provides
recovery by affecting immunological mechanisms. There
have been many studies on neuropathic pain and its im-
munological mechanisms, but this study is the first to ex-
amine the effect of pregabalin on the immune system.

MATERIALS AND METHODS
1. Ethics statement

This study was carried out prospectively at Necmettin Er-
bakan University Meram Medical Faculty Hospital Algolo-
gy Polyclinic between November 2018 and February 2020.
The study followed the Declaration of Helsinki principles
and was approved by the ethics committee of the NEU
Meram Medical Faculty (decision dated 17.10.2018 with the
ethical approval number 2018/173) and the ethics commit-
tee of the Republic of Turkey ministry of health (approval
number 93189304-514.04.01-E.193687). The study was fi-
nanced by the scientific research projects coordinator of
NEU (project number: 181518025).

2. Patients

Patients with PHN between the ages of 18-80 were in-
cluded in the study. Patients who had previously received
treatment for neuropathic pain, pregabalin treatment for
a different reason, with chronic renal failure (creatinine
> 2 mg/dL), liver dysfunction, malignancy, a history of
cerebrovascular disease, autoimmune disease, psychi-
atric disease, and drug addiction, who were pregnant or
breastfeeding woman, who had diagnosed immunodefi-
ciency, and who did not agree to volunteer were excluded
from the study. The patients’ written consent forms were
obtained, and a record was made of their gender and age,
the presence of any comorbidities, any medical treatments
applied, as well as their score on the 0-10 point numeric
rating scale (NRS). In addition to routine blood tests (he-
mogram, erythrocyte sedimentation rate [ESR], C-reactive
protein [CRP]), immunological marker levels were also
measured at the patients’ first admission. All patients were
started on 150 mg/day oral pregabalin treatment following
the European Federation of Neurological Societies neuro-
pathic pain guideline [20,31]. The patients were checked
regularly every month, and the dose was adjusted accord-
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ing to the patients” NRS scores, clinical status, and drug
side effects. Immunological markers, sedimentation, and
CRP levels were studied from the peripheral blood sample
at the end of the third month of treatment.

3. Flow cytometric staining and analysis

Peripheral blood mononuclear cells were isolated from the
5 mL blood sample taken from the patients’ ethylenedi-
aminetetraacetic acid for routine laboratory studies. Sur-
face staining was performed on these cells by adding an-
tibodies CD4 (APC), PD1 (FITC-A), CCR6 (PE-Cy7), CXCR3
(APC), and CXCR5 (PerCP-Cy5.5) obtained from Becton
Dickinson (BD, Franklin Lakes, NJ). After the cells were
kept in the dark for 20 minutes, the cells were fixed using
BD Perm/Wash Buffer and permeabilized. In the follow-
ing period, the cells were stained with the FOXP3 (BV421)
antibody obtained from BD using the intracellular stain-
ing technique, and the cells were analyzed on the BD FACS
Canto II device. Some of the peripheral blood mononucle-
ar cells obtained for cytokine release were incubated with
sodium pyruvate non-essential amino acid T cell activa-
tion kit for four days at 37°C in a CO, oven. The cells were
then washed once with phosphate buffer solution (PBS),
stimulated with phorbol myristate acetate/ionomycin for
4 hours, and then surface staining was done with CD4 an-
tibody. The cells were then fixed with Perm/Wash Buffer.
Staining was done by adding IL-4, IL-17A, and IFN-y anti-
bodies to the cells. Following this staining, it was washed
with PBS and analyzed on a BD FACS Canto Il instrument.
CD4', CXCR5', PDI' T cells as follicular T cells (Tfh) , CD4",
CCR6", CD4%, IL17A" T cells as Th17 cells, CD4", CD25",
foxp3"' T cells as regulatory T cells (Treg), CD4*, CXCR3',
CD4", IFN-y' T cells as Th1l cells, and CD4", IL-4" T cells
were evaluated as Th2 cells. The ESR was studied with an

Enrollment

iSED (Alcor Scientific, Smithfield, RI) device. CRP analyzes
were carried out using a spectrophotometric method with
an Abbott C 16000 (Abbott Park, IL) brand device.

4. Statistical analysis

Statistical analysis was performed using SPSS version 21.0
(IBM Co., Armonk, NY). Numerical data were indicated
with mean, standard deviation, median, minimum and
maximum values. Categorical data were shown with num-
bers and percentages. The Wilcoxon test was used to in-
vestigate the relationships between dependent measures,
and the Mann-Whitney U-test was used to investigate the
relationships between independent measures. The rela-
tionship between two numerical variables was analyzed
using the Spearman correlation coefficient (r). Statistical
significance was accepted for a value of P < 0.05.

RESULTS

Forty-eight patients who were diagnosed with PHN and
started treatment were included in the study. However,
eight patients were excluded from the study because they
did not meet the appropriate criteria (Fig. 1). Of the 40
patients, 21 were women (52.5%), 19 (47.5%) were men.
The mean age was 60.2 + 11.8, and the median age was
61 (22-76). While 35% of patients had diabetes mellitus
(DM); all patients with DM also had diabetic neuropathy.
The diabetic neuropathy diagnosis was based on clinical
symptoms or signs and expert panels at the International
Symposium on Diabetic Neuropathy in Toronto, 2009 [32].
Information on the presence of comorbidities in patients is
given in Table 1.

When immunological marker and inflammation pa-

| Assessed for eligibility (n = 48) |

A

Excluded (n = 8)

_| - Not meeting inclusion criteria (n = 5)
| - Declined to participate (n = 2)

- Other reasons (n = 1)

A
| Included in the study (n = 40) |

v

Pregabalin treatment (n = 40)
- Blood samples (n = 40)
- Did not receive allocated intervention (n = 0)

Follow-up
A 4

Lost to follow-up (n = 0)
- Discontinued intervention (n = 0)

Analysis
A4

| Analysed (n = 40)
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Fig. 1. Flowchart of our study.
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rameter levels were compared before and after treatment,
the helper T cell ratio (CD3", CD4") was 30.28 + 12.27% be-
fore treatment. It was 34.93 + 11.70% after treatment, and
there was a statistically significant increase (P = 0.028).
Th17 was 4.75 + 5.02% before treatment and 5.80 + 3.13%
after treatment, and there was a statistically significant in-
crease (P = 0.036). While the CRP value was 8.44 + 9.32 mg/
L before treatment, it was 3.00 + 3.61 mg/L after treatment,
and there was a statistically significant decrease (P = 0.001).
While the ESR value was 19.54 £ 11.57 mm/hr before treat-
ment, it was 9.83 + 7.77 mm/hr after treatment. There was
a statistically significant decrease (P = 0.001). The pre-
treatment NRS score of 40 patients included in the study
was 8. While it was 8.00 + 0.88, this value was 3.00 + 0.84
after the treatment, and a statistically significant (P = 0.001)
decrease was detected (Table 2).

The immunological marker and inflammation param-
eter levels of DM patients were coimpared before and
after treatment. There was not a significant relationship
in immunological marker levels. There was no significant
relationship between pre-treatment and post-treatment
immunological marker levels in DM+ patients. However,

Table 1. Comorbidity of the patients

Comorbidity Value
Diabetes mellitus
No 26 (65.0)
Yes 14 (35.0)
At least one comorbidity
No 6 (15.0)
Yes 34 (85.0)

Values are presented as number (%).

there was a significant decrease in CRP, ESR, and NRS
values after treatment in patients with DM. When the
immunological marker and inflammation parameter lev-
els of non-DM patients were compared before and after
treatment, the helper T cell ratio (CD3", CD4") was 27.41
+ 10.78% before treatment 35.43 + 8.93% after treatment,
and there was a significant increase (P = 0.002). In patients
without DM, the Th17 (CD4", IL-17A" T cells) ratio was 4.25
+ 4.01% before treatment and 5.67 + 2.34% after treatment,
and there was a significant increase after treatment (P =
0.037). There was a significant decrease in CRP, ESR, and
NRS values after treatment in patients without DM (Table
3). The change in Th17 cell ratios before and during the
treatment period in DM and non-DM patients is also in-
cluded in Fig. 2.

DISCUSSION

Despite extensive research, the pathophysiological mech-
anisms which generate neuropathic pain have not been
clearly revealed yet. Recent publications and increasing
evidence indicate that the immune system plays an essen-
tial role in developing neuropathic pain [13]. In this study,
Thl, Th2, Th17, and Treg (CD4, CXCR5, CCR6, FOXP3,
CD25, IFN-y, IL-17 ve IL-4) cell levels before and after
treatment were examined to evaluate the role of immune
mechanisms in the development and chronicity of neuro-
pathic pain in patients with PHN and the effectiveness of
pregabalin treatment on these mechanisms. According to
the present study’s results, while CD4" T cell and Th17 cell
levels increased with pregabalin treatment, Treg cell levels
remained unchanged, and T cell shift improved. Accord-

Table 2. Comparison of immunological marker and inflammation parameter levels and NRS scores of patients before and after treatment

Immunological markers and inflammation

Before treatment (n = 40) After treatment (n = 40) P value
parameter levels

CD3', CD4" T cells% 30.28 +12.27 34.93+11.70 0.028*
CD4", PD1", CXCR5" T cells% (Tth) 2.61+0.96 259+2.25 0.208
CD4', CXCR3" T cells% (Th1) 28.32+11.29 2520+ 11.92 0.091
CD4', CCR6" T cells% (Th17) 9.41+5.44 10.24 +6.14 0.834
CD4", FOXP3' T cells% (Treg) 5.59 + 2.56 5.56 +1.98 0.957
CD4", CD25" T cells% (Treg) 6.02 +2.77 5.63 +2.04 0.476
CD4", IFN+y" T cells% (Th1) 23.05 + 18.80 20.09 + 15.05 0.426
CD4", IL-A7A" T cells% (Th47) 4.75+5.02 5.80+3.13 0.036*
CD4", IL-4" T cells% (Th2) 4.33+3.64 344 +£2.73 0.261
ESR (mm/hr) 19.54 + 11.57 9.83+ 7.77 0.001*
CRP (mg/L) 8.44 +9.32 3.00+3.61 0.001*
NRS 8.00+0.88 3.00+0.84 0.001*

Values are presented as mean + standard deviation.

Tfh: T follicular helper cells, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, NRS: numeric rating scale.

*P < 0.05, significant.
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Table 3. Comparison of immunological marker and inflammation parameter levels before and after treatment in DM patients and comparison of the im-
munological marker and inflammation parameter levels before and after treatment in patients without DM

Immunological markers and DM+ DM-

inflammation parameter levels Before treatment After treatment Pvalue Before treatment  After treatment Pvalue
CD3",CD4" T cells% 35.59 + 13.46 33.99 + 15.98 0.638 27.41 + 10.78 35.43 +8.93 0.002
CD4", PD1", CXCR5" T cells% (Tfh) 2.81+0.91 247 +1.20 0.245 2.50 £0.98 2.65 +2.66 0.453
CD4", CXCR3" T cells% (Th1) 28.20 + 14.92 26.07 + 13.05 0.701 28.38 +9.10 24,73 +11.49 0.110
CD4", CCR6" T cells% (Th17) 10.46 + 7.63 12.50 + 8.20 0.778 8.83+3.85 9.02+4.39 0.872
CD4', FOXP3' T cells% (Treg) 4,92 +2.02 5.36 +2.33 0.530 595+ 2.77 5.66 + 1.80 0.576
CD4",CD25" T cells% (Treg) 5.67 +2.38 5.79+2.18 0.925 6.21+£2.99 5.54 +2.00 0.354
CcD4", IFN-'y+ T cells% (Th1) 20.33 +19.33 20.94 + 17.50 0.807 24.40 +£18.76 19.63 + 13.90 0.258
CD4", IL17A" T cells% (Th17) 5.67 +6.58 6.02 +4.32 0.510 425+4.01 5.67 +2.34 0.037
CD4", IL-4" T cells% (Th2) 3.15+2.03 3.75+3.11 0.754 497 +4.16 3.26 +2.55 0.148
ESR (mm/hr) 20.31 +10.16 9.50 + 6.50 0.002 19.11+12.43 10.00 + 8.48 <0.001
CRP (mg/L) 11.20 + 8.55 413 +4.44 0.001 6.95 +9.52 2.39+298 <0.001
NRS 8.84 +0.86 3.28+0.72 0.001 8.11+0.90 3.50+0.90 <0.001

Values are presented as mean + standard deviation.

DM: diabetes mellitus, Tfh: T follicular helper cells, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, NRS: numeric rating scale.

6.5 1 —— Non-diabetic patients
------- Diabetic patients
6.0
9
[
2
8 5.5 1
N~
=
'_
5.0 1
4.5 )

T T
Before treatment After treatment

Fig. 2. Change of CD4", IL-17A" T cells% (Th17) cell ratios with treatment
in DM " and DM patients. DM: diabetes mellitus.

ing to this study, CRP and ESR values were significantly
lower (P < 0.001) after three months of treatment compared
to before treatment. It has been proven in previous studies
that the acute inflammation period of neuropathic pain
is associated with high CRP [20]. A significant decrease in
ESR and CRP values after treatment, known as positive
acute phase reactants, suggests that the inflammatory pro-
cess that plays a role in neuropathic pain’s pathogenesis
decreases after pregabalin treatment. However, decreases
in CRP and ESR might result from the natural course of
the PHN. Evaluation using randomized controlled clinical
studies conducted with large patient groups is needed.
Previous studies have shown that the most critical risk
factor in transforming acute herpes zoster to PHN is age.
Kanazi et al. [33] found that 50% of the patients with PHN
were over the age of 60, and the rate of PHN was 75%, espe-
cially over the age of 70. The average age of the study group

www.epain.org

was 60.2 + 11.8. Although it has been determined that
PHN is seen more in women, there has been no difference
between genders in recent studies [34]. In this study, 21 of
the patients were women (52.5%), and 19 (47.5%) were men,
and there was no significant difference found in terms of
gender.

Patients with a deficiency in CD4" and CD8" T cells are
at risk for VZV infection and the subsequent development
of PHN [35]. Asanuma et al. [36] attributed the increase
in PHN development to the decrease in CD4" T cell ratio
in the elderly. However, another study conducted in 2009
found no difference in CD4" and CD8" T cell levels in pa-
tients with and without PHN [14]. A significant increase
was found in the present study in CD4" T cell levels with
pregabalin treatment (Table 2). Therefore, it was con-
cluded that a low CD4" T cell value is a risk factor for de-
veloping neuropathic pain and PHN. The increase in CD4"
T cells after pregabalin treatment significantly reduces
NRS scores and decreases neuropathic pain symptoms.
However, it is not certain whether the increase in CD4" T
cells results from pregabalin treatment or is a natural con-
sequence of disease recovery. This may be the subject of
future studies.

For years, neuropathic pain has been thought to be asso-
ciated with proinflammatory cytokines, and anti-inflam-
matory treatments targeting cytokines have been evalu-
ated in various animal studies [37]. In a study conducted
on rats, it was found that after peripheral nerve damage,
treatment with CD28 super antagonist (CD28SupA) in-
creased Treg cell population, and this increase decreased
mechanical pain hypersensitivity. On the contrary, deple-
tion of Treg cells has moderately increased mechanical
pain hypersensitivity after peripheral nerve damage in

Korean J Pain 2021;34(4):463-470
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rats. Recent studies on this subject have shown that Anti-
CD25 treatment partially eliminates Treg cells or tempo-
rarily deactivates them by reducing CD25 [38]. Tests on
Treg cell expansion in humans have been stopped due to
life-threatening side effects [39]. The present study found
that pregabalin treatment did not change Treg cell levels
(Table 2).

Th17 cells secreting IL-17 have been shown to play a
definite role in the etiology of Type-1 DM and play an
essential role in inflammation, insulin resistance, and
Type-2 DM [40]. Thirty-five percent of the patients in this
study had DM. All patients with DM also had diabetic
neuropathy. When the graph of the change in IL-17 levels
from pre-treatment to post-treatment in patients with and
without DM is examined, the high level of IL-17 at the time
of initial diagnosis in patients with DM suggests that there
may be a relationship between existing chronic diabetic
neuropathy and IL-17 (Fig. 2). In neuropathic pain models,
the effect of the increase in IL-17 level on allodynia forma-
tion and thermal hyperalgesia formation has been demon-
strated [41]. It is also found that the increase in IL-17 levels
increased with time [42]. In this study, no significantly
higher levels of IL-17 at the end of 3 months are supported
by the literature. This suggests that IL-17 may have an ef-
fect on chronic pain rather than acute pain. IL-17 inhibit-
ing monoclonal antibodies are being studied as a treat-
ment modality [30]. In the future, the anti-inflammatory
cytokine-targeted therapy approach will be the corner-
stone of neuropathic pain treatment. Current scientific ev-
idence; Although limited to in vitro experiments and ani-
mal studies, the authors think that studies on neuropathic
pain treatment will focus on IL-17 and anti-inflammatory
cytokine-targeted therapy in the coming years.

A study investigating neuropathic pain mechanisms
found that proinflammatory Th17 significantly decreased
and anti-inflammatory Treg cells increased in patients
with neuropathic pain. This condition has been named
the “T cell shuffle” and has been accepted as a finding in
favor of chronic neuropathic pain. In the same study, no
significant difference was found in IFN-y levels [12]. In
this study, IL-17s released from Th17 cells were compared
before and after treatment with Treg cells. While the pre-
treatment IL-17/Treg ratio decreased in favor of Treg
cells, after treatment, this ratio increased in favor of IL-17.
Therefore, following the literature, it was found that pa-
tients who developed PHN had T cell shifts. T cell recovery
improved after pregabalin treatment. Similar to the other
studies, no difference was found in IFN-y levels.

This study had some limitations. First of all, markers
such as Th17 (IL-17), Treg cells, and IFN-y were studied
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instead of the immunological markers studied extensively
in previous studies. More meaningful results could be
obtained with a broader range of immunological markers
to be reviewed. Of the 40 patients included in the study,
14 also had diabetic neuropathy. Therefore, it is not clear
whether diabetic neuropathy affects the results of these
patients. Also, 34 patients had at least one comorbidity,
such as asthma, hypertension, and DM. When subgroup
analysis was performed due to at least one comorbidity,
no difference was found in immunological marker and in-
flammation parameter levels before and after treatment.
This result was attributed to the different comorbidities
and non-homogenized patient groups. Besides, there
were only six patients without any other disease among
the patients included in the study. The lack of a signifi-
cant difference may be the group’s insufficient number
of subjects without comorbidities. The effect of different
comorbidities on immunological markers may be the sub-
ject of future randomized controlled studies. The patients
were receiving only pregabalin treatment for neuropathic
pain. However, patients with comorbidities had additional
therapies for these diseases.

In conclusion, in this study the effect of treatment with
pregabalin on immunological markers was examined,
which is recommended as a first-line pharmacological
agent in neuropathic pain treatment. Significant differ-
ences were detected after the therapy in the immunologi-
cal markers, especially CD4" T cell, Th17 cell levels, and T
cell shift. These differences in the immunological markers
reveal that the immune system’s role in the pathogenesis
of neuropathic pain is much more vital than previously
thought. However, randomized controlled studies in dif-
ferent and larger patient populations are needed to clearly
prove pregabalin’s effect on these mechanisms. The au-
thors believe that an immunologically based treatment
approach will be the critical element of future treatment,
especially in treating neuropathic pain.
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